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ABSTRACT 

A  aurrey  of  the  literature  wee  conducted  in  order  to  evaluete  the  ehlllty 
of  the  turhlne  Mter  to  aeet  the  floe  Meaureaent  needs  of  the  Fleet. 
Pereaeters  effecting  aster  perfomenoe  were  inveetigated  as  well  as  pertinent 
related  toxica.  The  turhlne  tbater  is  burdened  with  the  inherent  weaknesses 
peculiar  to  aoet  velocity  sensing  asters .  It  waa  found  suitable  for  future 
Aiae  in  shipboard  autoaation  and  fueling-at<4ea  applications  under  the 
folloering  provisos:  a  turbine  aster  satisfying  current  shipbuilding  spec^ 
ifioatlon  access  flange  zequireasnts  should  be  developed,  or  the  specifioa- 
tions  asking  this  daaand  revised.  If  one  of  these  oanot  be  aoooaplished, 
investigate  other  pulse  output  aeter  types  which  will  .oeet  ths  access 
flange  requireoent  and  aay  also  drive  direct  totaliaing  devises.  Application 
guidelinea  and  standard  practices  should  be  prepared  for  the  aeter  type(8) 
ultlaately  selected  for  control-input  and  fuellng*«t<«ea  use. 
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1 

SOtURY  PAOB 

THE  PBOBIBI 

To  study  the  8tate*of-tha*«rt  of  the  turbine  floneter  in  order  to  eseese 
Its  sultebiUty  for  use  In  the  navel  enviroxaent.  Acquire  Icfcxaatlon  of 
^  the  type  needed  to  prepare  specif  lot  tlona,  application  guidelines  aM 

standard  practices  for  the  turbine  atter. 

I 

FINDINQS 

The  turbine  aeter  Is  Judged  to  be  suitable  for  use,  with  liadtatlons, 

I  In  shipboard  autoaatlon  (control  input)  and  fuellng-at-eea  appUoatlooe 

f 

provided  that  oanufeoturers  develop  a  aster  aeetlng  the  access  flanga  re- 
qulreaent  of  existing  shipbuilding  specif loatlone  or  that  these  requirsaants 
I  be  revised.  Failure  to  acoo^pUeh  at  least  one  of  these  aeeeuree  vlrtuelly 

dlsquellf las  the  turbine  aster  fron  future  ooneideratlon. 


■ 

r 


RICCUIEHIATI0K5 

W.  I 

Actively  solicit  developaent  by  the  industry  of  a  turblna  abter  atating 
the  access  flange  '.'equlrsaants  In  effect  today.  Slaultonacusly  re*«valuate 
thla  requlreaent  with  revlalon  In  Bind.  In  the  event  that  both  of  thaea 
efforts  fall,  investigate  other  aeter  types  eith  e  pulse  output  ehlch  oea 
satisfy  the  access  flange  requlreasnv.  and  Bay  also  be  ospable  of  driving 
dlreot  totalialng  devloea.  Prepare  atandard  praotloea  and  application 
guidalinaa  for  the  turbine  aster  or  any  water  type  deeasd  appropriate  for 
eialler  i^lioetlone .  Inooui^tge  davelopaent  of  a  flea  condition  stenderdiaiflg 
aeohanisB  idiloh  aight  oircuarent  approach  effects  on  aoet  velocity  ssnslag 
mters. 

U 
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RBPORT  or  XNVSCTIOATIDN 

IKIHOroCTIDN 

Boglnxtlnc  in  World  War  XI,  on  flow  D»t«rlng  riiqoiraaatita  lo  tmxsy 
laduatriss  oauaad  loatnaaat  •oglnaars  to  look  beyond  the  treditiooeUy 
used  verleble  erae,  verleble  heed,  end  pueltlve  diepleoMSOt  type  flo«- 
■etere.  There  vee  e  nev  need  for  Inetrueente  of  bifber  eoowkreoy,  faster 
*  response,  end  greeter  versetlUty  under  extrsM  operating  ooodltloos. 

This  seeroh  begen  in  the  elroreft  engine  Industry  where  powerplents  for 
larger  elrfreMe  end  supersonio  speeds  were  being  davelo|>ed.  Later,  the 
■IssUe,  ohuloel,  end  petroleua  industries  required  slBilsr  wter  oheracter- 
istlos  although  in  widely-differing  epplioatlottt.  Inetrueent  ■enofeoturers 
responded  to  these  needs  with  the  turbine  type  floeaeter  or  trenaduoer. 

These  aetere  have  been  de\Tloped  to  the  point  where  they  ere  widely  used 
industrially  on  laeny  types  of  flow  neesxunawnt  sud  oontrol  applloatioos  - 
custody  transfer,  process  controls,  pi'oduotioo  testing,  batohing,  and  blending 
to  new  e  few.  Their  use  on  shipboard,  however,  has  been  infrequent  for  a 
variety  of  reasons.  Notable  esong  these  are  exieting  safety  regulatlona 
and  the  expense  of  neoeesary  asaoolated  aleotronic  equlpetent  as  wall  as  its 
Balntsnax^.  Despite  these  present  day  factors  ainlMialng  their  use,  it 
is  felt  that  the  turbine  flowoeter  oan  aaka  a  future  contribution  as  ship¬ 
board  autoaation  beocSMs  More  prevalent  and  fuellng-at>waa  taohnlquas  More 
Bopblstloctad. 
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FLtnD  VmMLC  CHARACTER  OF  TURBINE  FliOlMETSRS 

A  g«»UbreUly  accepted  eta  tenant  ooncemlog  operatiot.  of  the  turbine 
flooMter  is  that  the  fluid  flowing  throxigh  the  stater  causec  the  rotor 
to  turn  at  a  speed  directly  proportiocal  to  the  average  velocity  of  the  fluid. 
This  is  not  entirely  time.  The  effective  ttn^le  of  the  rotor  blades  determines 
the  actual  speed  at  vhloh  the  rotor  tuntu  for  a  given  fluid  volvuBs  flow  (1)^. 
It  is  the  ”ijq>erfect"  characteristics  of  fluids  which  cause  a  large  part  of 
the  devi.ition  from  ideal  meter  perforsi^nce,  as  well  as  confusing  the  under¬ 
standing  of  turbine  meter  operation..  The  flcu  of  any  real  fluid  produces 
tangential  frictional  forces  which  are  called  viscc'j  forces.  The  action 
of  such  in-;ernal  shearing  forces  results  in  a  degtckdatlon  of  mechanical 
energy  into  heat  or  unavailable  thermal  energy  (2).  In  hydraulic  terminology, 
these  shearing  forces  are  referred  to  as  "absolute  viscosity ’’  or  the  ratio 
of  shearing  stress  to  the  rate  of  sheering  strain.  Ab.ioluta  viscosity  is 
?erred  to  widely  as  "dynamic  viscosity'’.  The  English  imits  of 
viscosity  are  poand*«econd  per  square  fo:>t.  Also  \ised  widely  in 
tie  tern  "IcLaa'aatic  vlecocity"  which  is  the  ratio  of  dynasiic  viscoi-it^’  to 

tr 

fluid  mass  density.  Tbs  English  unite  of  Eineaatic  viscosity  are  fo«t 
squared  per  second. 

In  the  cperation  of  a  turbine  meter,  it  is  not  possible  to  have  the 
relative  velocities  of  the  various  poi-.lons  of  the  turbine  rotor  perfectly 
matching  those  of  the  passing  fl'jid.  This  is  true  because  the  rotor  must 


1  Numbers  in  parentheeae  designate  references  listed  in  tbs  blbllograpt^. 
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stove  In  a  circular  path,  which  Is  at  rif^t  angles  to  the  general  direction 
of  the  fluid  flow  and  secondly,  the  distorted  velocity  profile  (d\ie  to  the 
annular  shape  of  the  passage)  laahes  it  iiQtosslble  for  hladsd  rotors  to 
present  a  constant  effective  angle  to  the  flaring  fluid.  This  shearing 
action  coupled  with  the  dynastic  viscosity  of  the  fluid  causes  a  laotlon 
opposing  torque  or  force  to  be  exerted  upon  the  rotor.  This  viscosity-created 
torque  will  always  tend  to  cause  the  rotor  to  move  more  slowly  than  ideal. 

The  rotation-restraining-torque  resulting  fi'om  the  effects  of  viscosity  is 
directly  proportional  to  the  fluid  velocity.  This  means  that  if  the  fluid 
velocity  is  doubled,  the  viscous  drag  force  would  double. 

In  order  for  the  passing  fluid  to  turn  a  turbine  rotor,  it  must  be  able 
to  exert  a  force  that  creates  a  turning  torqxie  xipon  the  rotor.  This  turning 
torque  Is  needed  to  overcome  the  rotor's  own  inertia  and  the  viscous  drag 
up'ir  the  rotor.  For  a  fluid  to  exert  such  a  force,  it  must  possess  botn  an 
appreciable  nmse  and  velocity.  With  a  given  density  fluid,  the  force  that 
can  bo  exerted  is  a  function  of  the  square  of  velocity.  Thus,  if  the  fluid 
velocity  were  doubled,  the  taming  lorque  available  for  the  rotor  would  be 
four  tlnee  greater.  At  a  fixed  fluid  velocity,  the  torque  available  would 
be  directly  proportional  to  the  density  of  the  fluid.  Therefore,  the  fluid 
density  and  velocity  level  both  determine  the  energy  available  for  turning 
the  rotor.  The  greater  the  available  energy,  the  closer  a  rotor's  speed 
approaches  the  ideal  speed.  The  "ideal  speed"  is  the  speed  which  is  directly 
proportional  to  fluid  velocity. 

Restating  the  Isay  facts  brou^t  out  above,  it  can  be  said  that  the  effects 
of  viscous  drag  tend  to  reduce  the  rotor  speed  by  a  factor  directly 


3 


I 


WLVSIGKaAia?  ¥ro>ot  A-m 

proportional  to  tba  fluiA  valooltST*  Alao,  tha  tuztdac  tor^  oaptbiUty 
of  tha  flnid  la  diraoUjr  proportional  to  ita  daaalty  and  to  tha  tquara  of 
Ita  Taloolty. 


(  - 


FACTORS  AFnCTINO  PSRFQilliMCI  ' 

Tba  tixrhiiia  t^pa  flonatar  la  aataforiaad  tooadly  aa  a  valooltj  tppa 
■atar  (3).  Tba  aatarad  fluid  wor  ha  aithar  a  liquid  or  a  |aa  pith  tba  i 

i 

entlra  plpa  flon  paaaing  through  tha  aatar. 

Flgura  1  ahova  a  typioal  turbioa  typa  floMwtar.  Thia  typa  aatar  trano*  | 

aita  Infoanation  oonoamlag  rotor  rotation  by  ganaratinf  alaotroaagmtio 
pulaaa  in  a  pickup  coil  outalda  tha  aatar  eaalag.  Pulaaa  in  tha  piokip 

Bay  ba  ganaxatad  by  aagoatioad  bladaa  (ona  pulaa  par  blada),  or  by  paaaaga 

'  1 

of  a  ataal  blada  paat  tha  Bagoatiaad  coora  of  tha  pickup  coil  (ona  pulaa  par 
pola) .  Tha  pulaaa  ara  tranaBlttad  throui^  tha  unbrOkiiv  nonoaigiBtio  inuU 

^  T 

of  tha  aatar  caalng,  A  alight  aaguatlo  attraction  ba^i^  rotor  and  piaiagp 
coil  prorldaa  an  additional  raaiatlng  torque  that  affacta  tha  uaaabla  liait 
of  tha  aatar 'a  range.  Tba  pulaaa  in  tha  pickup  ooil  anat  bf  aapliflad  and 
than  aithar  oountad  by  an  alaotronio  totaliaar,  alaotronically  oouatad  for 
a  pradetarainad  gatad  tiaa  intarval  for  rata  indication,  or  daUrarad  to  a 
fraqaeacy  aatar  for  rata  indioation. 

Tba  torblna  aatar  ia  affaotad  in  varying  dagraaa  by  aaay  faotora.  Thoat 
Includa  flon  rate,  vlaooeity,  danalty,  taaparatura,  praaaurt  aad  upatraaa 
piping  configuration  to  naaa  a  fan. 

Thaaa  affaota,  aa  nearly  aa  ia  poaaibla,  nil!  ba  laolatad  aad  dioouatad 
aaparataly. 
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Tba  AC  voltage  gewrated  in  the  pickup  coil  has  a  aagnitude  approxlBately 
proportional  to  turbine  velocity  or  rate  of  flow.  It  is  generally  in  the 
range  of  100  to  1000  BilUvolts  Dm  depending  on  the  nake  and  type  of  aeter. 
The  frequency  of  the  generated  AC  voltage  is  proportional  to  flow  rate  or 
turbine  velocity  and  ranges  froa  200  to  4OOO  Hertz  at  a  rated  floe 

depending  on  aeter  design.  There  are  both  high  and  low  freqxiency  asters  on 
the  aarket  today  with  the  high  frequency  asters  possessing  the  advantage  of 
greater  readout  resolution  and  the  disadvantage  of  reduced  range  of  linear 
operation. 

As  shown  In  Figure  2,  the  calibration  factor  (K)  is  a  function  of  flow 
rate.  The-  K  factor  Is  tisually  linear  within  ^0.5  percent  for  flows  within 
the  range  19  to  I00){  of  rated  flow.  This  stateaent  is  true  for  operation 
idth  low  viscosity  fluids r  The  range  of  linear  operation  is,  however, 
affected  by  the  dealgn  and  size  of  the  aster,  and  fluid  viscosity.  The 
nonlinear  portion  of  tbs  K  factor  curve  is  caused  by  the  retarding  forces 
produced  by  eleotroaagnetlc  and  aschanical  loading  on  the  turbine  as  well 
as  changes  in  flow  pattern  within  the  aeter.  The  value  of  tha  K  factor  varies 
with  aster  design  and  can  range  froa  less  than  100  cyclaa  per  gallon  to 
several  hundred  thousand  cycles  per  gallon. 

Tiaooaitv 

The  iag>ortanoe  of  yisoosity  effects  ou  turbine  aster  perforaanse 
cannot  be  ovarestiaatad.  In  addition  to  being  a  funotion  of  flow  rata, 

K  factor  is  also  a  funotion  of  vlsooelty.  Hoohreiter  (4)  parfocaad  a 
dlaansiooal  analyaiB  of  turbine  type  flaaaeters  isi  terns  of  flcwr  rate  Q, 
rotor  angular  valooity  n,  aeter  bore  diaaeter  D,  fluid  density  p,  and 
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fluid  ebeolute  vlaoosltr  |i«  He  develope  foUoelos  dlJMnaloqoleee 
reletlonehlpe: 


(1) 


SubatltutlQg  kl nettle  ricooeity  h,  for  ebcolute  rlaooelty,  tbe  foUoviag 
▼ae  Obtained: 


(  I 


Tbese  qtAtitlee  oen  be  oorreleted  efaltt  one  another  In  tbe  eat 
vay  that  eonrentlonal  orlfloe  ooefflelente  ty  be  oorrelated  agalnet 
Reynold,  nunber. 

Prerloua  to  Hodiralter'a  vork,  an  analysle  of  the  klnettlo  flotetar 
vae  perfostd  by  Head  (5)  to  Inolude  eot  exterael  farce  T,  fluid  oon- 
pree.lblllty  K  and  additional  gecttrie  variable,  mob  as  Internal  or  rotor 
distters,  ^  and  ^  pfOuUCo  the  fcUoitlng  relationehips : 

’  D' d] 

These  dltnslonal  relationships  are  appUoable  to  any  type  of  oon- 
tisusus  notion  device  aiioh  a.  the  various  designs  of  positive  dlaplaoe- 
tnt,  turbine  and  propellor  type  Mters  ourreatly  available.  Ihe  floe 
ooeffiolent  and  the  visoosity  paratter  oan  be  used  to  deeoribo  the 
perfortnoe  of  turbine  tters  if  the  retarding  faroes  noting  on  the  turbine 
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are  InslgnJXicant  and  an  Inocapreeslble  fluid  is  being  witered.  Experl- 
nantal  vork  by  Schafer  (6)  ehoaa  that  significant  devlatioca  rrcat  a  snooth 
plot  of  these  two  quantities  are  caused  by  retarding  forces  ^hose  effect 
depends  upon  jaeter  design  and  varies  considerably  between  different  slses 
and  aakss.  Therefore,  the  parameters  developed  by  Hoohreiter  cannot  be 
used  for  turbine  meters  with  the  same  precision  as,  for  exaiqils,  the 
Coefficient  of  Discharge  versus  Reynolds  number  relationship  for  orifices. 

The  effect  of  viscosity  on  turbine  meter  linearity  is  explained  by  one 
manufacturer  (7)  in  terms  of  boundary  layer.  The  skin  friction  (viscous 
effect  of  the  boundary  layer)  le  a  function  of  Reynolds  nuadwr.  Flow  in 
the  boundary  layer  is  laminar  at  low  Reynolds  numbers  and  turbulent  at 
high  Reynolds  numbers  while  in  the  transition  region  there  is  a  gradual 
change  from  lanrinar  to  turbulent  flow.  Let  us  consider  the  applioetlon  of 
a  given  size  meter  to  a  low  viscosity  fluid,  where  flow  is  turbulent  at 
the  BBter's  ainiiMm  operating  frequency.  An  increase  in  fluid  viscosity 
at  this  mlnimtm  frequeticy  produces  a  decrease  In  Reynolds  number  which, 
if  large  enough,  will  produce  flew  In  the  transition  region*  In  this  region, 
viscous  drag  actually  decreases  with  a  corresponding  increase  in  K  factor 
at  this  frequency.  A  further  increase  in  vlscoelty  and  decrease  in  Reynolds 
number  causes  Ismlnsr  flow  with  an  attendant  decrease  in  K  factor  due  to 
increasing  viscous  drag. 

This  short  discourse  eiqplains  the  characteristic  "htnap"  and  rapid 
"drop  off"  in  the  K  factor  curve  in  Figure  2.  The  exact  shape  of  this  curve 
depends  on  meter  geometry,  manufacturer  and  flow  range.  In  low  capacity 
meters,  the  vlsccus  drag  may  be  of  such  magnitude  as  to  eliminate  linearity 
entirely,  i.e.  the  entire  curve  will  have  a  significant  positive  slope. 

It  can  be  aaid  that  low  flow  rates,  small  meter  sizes  and  high 
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{  > 

vlaoo«ltl«8  all  taod  to  daoreas*  tha  llnsar  raog*  of  a  Bitar. 

In  mmmry,  tte  axaot  Influanoe  of  Tlaooeity  on  a  particular  turbine 
■atar  cannot  be  accurately  aatiaatad.  To  obtain  preoiaa  netar  oalibratioo 
infonaation,  a  aatar  ahculd  be  ea^ibratad  under  riacoaity  oooditiona  aa 
near  aa  poaaibla  to  tboaa  to  ba  anoountarad  in  uaa.  Vlaooaity  oorraotiona 
obtained  for  a  particular  aatar  ahould  ba  uaad  oarafuUy  aittea  they  am 
not  alaaya  applicable  to  other  aatara  of  the  aaaa  aalia  and  aiaa. 

XlBfilAldlQL 

Iba  ta^Mratum  affaota  on  turbine  aatar  parforaanoa  am  aanifaatad  in 
aarnral  vaya.  Ifoat  obrioua  ia  the  tharaal  axpanaion  of  the  aatar  bora  with 
an  inomaaa  in  ta^pamtum.  Ita  axaot  value  dapanda  on  the  aatariala  of 
ocaatructiao,  Tharaal  axpanaion  will  oauaa  a  lower  fluid  \  >looity  and  ia 
turn,!  factor,  for  a  given  mta  of  flow.  Thig  affect  can  ba  aignificant 
\mX  ia  aantfacturing  oirolaa  ia  fait  to  ba  pradictabla.  According  to  a 
leading  auufaotumr  (6),  the  eormction  for  thamal  axpanaion  of  1000 
dagmaa  Fehmnhait  la  about  ainua  tao  percent  and  la  llnaar. 

Other  tamcmtum  mlatad  phanoaana  am  the  affecta  of  fluid  viaooaity 
and  lubricity.  The  intamotlon  of  tharaal  axpanaion  and  viaooaity  influanoaa 
eauaad  by  an  inemaaa  in  tamwmtum  can  conoaivably  have  pppoaite  and  at 
tlaaa  eanoalilng  affaota. 

t 

The  ta^paratum  induced  vlaooua  affect  with  oils  oan  ba  aisaabla  aa 
dlaouaaad  earlier.  For  water  servlea,  thla  la  ganemlly  negligible  alnoa 
*  torblna  aatara  opamta  aoat  affaotivaly  ia  the  mglon  of  the  viaooaity  of 
Water  (about  one  oantlatoka}. 

Q 
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Large  increases  In  the  teBg>eretur9  oT  water  cause  the  aore  difficult  to 
analyse  problem  of  dlndaishlDg  fluid  lubricity.  The  affects  of  decreasing 
fluid  lubricity  can  be  aigplflcant  with  watef ,  particularly  at  the  low  end 
of  the  flm  range.  Its  magDltude  depends  largely  on  the  bearing  materials 
and  design  which  are  used. 

High  pressure,  high  iesperature  ttirbine  amter  calibrations  performed 
at  NaVsECffillAOIV  (9)  showed  a  marked  difference  in  the  perfoiaanoe  of 
meters  submitted  by  two  major  smnuf acturers .  In  the  unsatisfactory  meter, 
it  was  f<Mnd  that  at  high  teofwratxires,  large  devlatloxis  in  K  factor  occurred 
due  to  increased  bearing  friction  caused  by  greatly  decreased  fluid  lubricity. 

Esaasum 

Tbs  fundamental  design  of  the  typicel  turbine,  type  meter  permits  its 
use  in  hi^  proiasure  epplioatlons  wlthcut  fear  of  cataetr^pbio  failures . 

The  manufacturer  merely  selects  the  approprir.te  weight  pipe  and  end  oocmeo- 
ilcTi?  (rris-aally  flengee  for  high  pressure  work)  to  accoseodate  a  given  pressure 
lovel. 

!<.he  two  main  areas  of  Interest  when  considering  pressure  effects  on 
tuT^'bine  meters  ere;  minim, oa  pressure  necessary  to  prevent  oavltetion  end 
pre^i&uro  puleatione. 

Gavitotloo  will  affeot  not  only  t^  calibratics  factor,  but  may  also 
^O'Oduce  mechanioal  effects  on  such  internal  meter  perte  as  the  rotor  and 
bearings.  FVsr  the  purposes  of  this  repoart  only  the  former  will  be  discusaed. 
The  OGOurremce  of  cavitation  in  a  meter  automatically  Indicates  the  presence 
of  gases  in  the  licpild  flow  etreemc  These  gases,  are  present  when  the  a  batlo 
pressure  level  Is  below  eoms  mlnijejaa  wbioh  is  a  function  of  fluid  vapor 

marl  mum  tXent  rate  and  mater  design.  These  errors  are  generally 
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— n  but  My  be  •  problem  in  applications  requii  iog  cxtiene  aocviracy. 

To  tToid  thle  difficulty,  it  is  reocmnendsd  that  the  meter  outlet  pressure 
be  at  least  10  pel  tai^ier  than  the  minlmi»  required  to  prevent  vapor  formation 
(6) .  An  operatlnc  pressure  of  90  psia  will  avoid  most  eavitatloo  problems . 
This  veins  is  for  liquids  of  approxlmteljr  aero  vapor  prsasure  and  should 
be  adjusted  upwards  for  fluids  of  hlfhsr  vapor  pressure.  Lind  ting  th^  asTtma 
floe  msy  also  avoid  cavitation  difficulties. 

Of  graater  Importanoe  than  cavitation  in  moat  eases  is  the  influence  of 
pulsations  in  the  floe  line.  This  phenomena  is  prasant  in  moat  syatema 
vdiioh  Includs  rotating  maehinary  suoh  as  p^^a.  The  Inflnanos  of  pulsationa 
is  felt  to  be  more  important  than  the  reletlveloT  Insignificant  affects  of 
pressure  on  rlsooalty  and  danaity  of  tha  liquid. 

Tbs  siaplituds  and  frequency  of  the  pulsatLoiis  is  dependent  upon  pressure 
level,  oonflguration  of  the  high  pressure  floe  circuit  sad  pui^  speed. 

"Fluid  liitars"  (ID)  states:  "The  affects  of  pulsations  on  a  floamster, 
with  tha  possible  exception  of  shunt  arrangeamnts  In  branching  circuits,  la 
to  asks  the  meter  iwad  an  indicated  floe  ehoee  average  is  greater  than  the 
true  average".  The  text  also  states  that  it  is  the  pulsations  in  flow,  not 
pressure  level,  vddoh  Inflosnoes  the  perfocmanos  of  fluid  meters.  The 
direot  msssureannt  of  floe  pulsations  is  very  difficult  as  compared  to  the 
Biaeiseannt  of  pressure  pulsations.  Slnos  flew  pulsations  sxw  directly 
related  to  preasure  pulsations,  this  problem  is  usually  considered  in  terms 
of  the  latter. 

Xn  tests  oondootsd  by  Shafer,  at  al,  (11)  It  waa  found  that  eallbratioix 
factor  increases  significantly  at  loe  floe  ratea  idMn  using  high  pressure 
levels  and  hi^  spssds.  Tbsse  Inorsasss  were  as  large  as  1.36^  for 
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a  givan  Mtar  at  a  pisqp  epeed  of  3000  rpa.  Tlia  authors  found  that  pulse 
attanuatlon  with  a  sinple  aocusulator  In  line  did  i^t  greatly  aloixlse  the 
pulsation  effects.  The  aocuBOlator  in  conjunction  with  special  fittings 
was  Bore  successful. 

In  s^BBary,  it  Is  IsgKnrtant  to  a^phasise  that  a  precise  high  pressure 
oallhiratlon  is  not  feasihle  unless  provisions  are  aade  for  adequate  con¬ 
trol  of  pulsations  in  the  flew  line. 

Danaitv 

Density,  in  itself,  is  not  considered  to  be  a  najor  influanoe  on  tur¬ 
bine  Beter  perfaraance  in  liquid  floe  sBasiireMnt  applications.  It  is 
of  soBsebat  greater  iag>ortanoe  in  gas  flew  BsasureBent. 

The  min  difference  between  gas  and  liquid  Beasureaent  vith  a  turbine 
aster  is  the  effect  of  a  auoh  lover  gas  density.  The  turbine  rotcor  slip 
resulting  froa  nonfluid  retarding  torques  (mlnly  besJing  load  and  Btgnatio 
pickup  load)  is  inversely  proportional  to  the  density  of  the  fluid  t^ing 
masured.  The  dsneltlss  of  Bost  liquids  are  relatively  high  and  theii' 
variations  with  pressure  and  teB>erature  are  saall.  Therefore,  it  is  not 
difficult  to  design  a  liquid  turbine  flovBatar  (except  one  of  very  aBall 
sice)  to  bave  sufficiently  low  nonfluid  retarding  torques  so  that  elthln 
a  reasonable  operating  floe  range  the  resulting  rotor  slip  la  aaall.  This 
is  true  even  though  the  retarding  torque  attributable  to  bearing  load  Bay 
vary  considerably  depending  upon  the  lubricity  of  the  fluid  being  asasured. 

Tbs  effects  of  density  changes  are  aanlfested  at  tbs  teo  eztiems  of 
the  flcB  range.  For  exanple,  considers  turbine  aster  designed  to  operate  over 
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&  given  frequency  range  vitli  liquids  of  1.0  specific  gravity.  If  a  llq[uid 
of  1.?  apeoific  gravity  is  vssed^  there  all!  he  a  50%  Inoreaee  In  driving 
force  available  at  tbs  modaaa  rated  frequency.  The  differential  pressure 
across  the  Deter  Is  increased  a  elnllar  caount.  This  increased  pressure 
drqp  can  reduce  the  life  of  tbs  bearings.  Conversely,  a  decreased  fluid 
density  vlH  reduce  tbs  linear  range  of  a  aster  since  at  tbs  lo*  end  of 
tbs  range,  tbe  nonfluid  retarding  forces  tend  to  becone  large  as  ccaQ>ared 
to  the  driving  fluid  forces. 

Fluid  density  anile  not  a  aejor  factor  In  liquid  flo*  Deasurement  applica¬ 
tions  should  be  considered  by  tbe  engineer.  Its  influence  is  predictable 
and.  can  be  a  factor  at  tbe  high  and  lew  endu  of  the  aeter  flow  range. 

Cffladlttfln  Bf  riffr 

The  turblna  flosaeter,  fundaaentally  a  velocity  sensing  neohanlsa,  is 
sensitive  to  nonstandard  appr^^ach  conditions.  This  eersitlvlty  to  abnoraal 
velocity  profiles  is  one  of  the  probleas  confronted  in  applying  these  asters 
to  shipboard  use. 

Tbe  flo*  character  is  tics  of  a  fluid  streaa  entering  a  aeter  are  established 
by  the  piping  upstream  of  the  mater.  When  this  pining  is  of  standard  straight 
length,  nomal  roughness,  and  devoid  of  disturbance  inducing  valves,  etc., 
the  flow  into  the  aeter  is  ''naraal”.  A  flow  disturbance  is  defined  as  any 
factor  which  aodifies  this  flow.  These  aodiflcatiocr  s£*!  tala  tha  fom  of 
changes  in  the  noraal  velocity  profile  or  in  the  creation  of  a  significant 
voi'tex  or  swirl  flow.  Yuloolty  profile  change?  can  be  either  a  skewing 
of  the  naraal  profile  or  developaant  of  a  nonstandard  profile  shepe. 

Skewed  profiles  are  caused  by  nr'r£,vaBetrioal  disturbances  such  as 
valves,  regulators,  and  single  or  aoltiple  benis.  Abrupt  changes  in 
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i4>8treaB  pipe  dlaaeter  also  cause  ocnstandard  synatrical  velocity  profiles. 

Tbe  aost  serious  of  the  aforementioned  upstream  fleer  abnormalities  Is 
rotational  flow  or  svlrl.  It  has  the  effect  of  changing  the  angle  of 
attack  between  the  liquid  and  the  tmblne  blades  with  a  corresponding  change 
In  rotor  speed  for  a  constant  flow  rate.  Swirl,  present  in  most  piping 
systems.  Is  caused  by  aone  ptOQJs  and  sharp  bends  and  will  not  be  ellmlnaud 
by  using  straight  lengths  of  plpti  upstream  of  the  meter.  To  avoid  this 
problem,  straightening  vanes  or  sections  of  the  form  reconnended  by  ASMS 
(12)  should  be  used  vipstream  of  the  netei .  Two  types  are  shown;  the  tube 
bundle  type,  and  the  perforated  plate  type.  The  former  Is  quite  adequate 
for  removing  swirl  but  Is  of  minimal  value  In  correcting  unusual  velocity 
profiles.  The  perforated  plate  type  is  excellent  for  both  profile  and 
swirl  eorrectiens  but  is  m:re  costly  to  manufacture  and  causes  a  larger 
permanent  pressure  loss  in  the  line. 

In  an  effort  to  minljiilze  swirl  Influences  on  their  meters,  most  manu¬ 
facturers  Include  sl^le  straighten '.rg  vanes  in  their  design.  These  vanes 
are  only  a  partial  solution  at  best.  Therefore,  to  obtain  high  eccurecy, 
the  Internal  etraightenere  most  be  supplemented  by  flow  stralghteners 
designed  primarily  to  eliminate  swirl  so  that  the  flow  pattern  may  be 
normalized.  Where  poesitla,  the  flow  stralg^tener  should  be  physically 
attt^ched  to  the  meter  with  both  transferred  from  system  to  system  as  a 
unit.  Precautions  to  ellaluate  swirl  and  saloteln  turbulent  flow  should 
be  taken  if  accuracies  of  one  percent  or  better  are  desired. 
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Maiiafeotvirers  custOMrlly  reeoaaeod  straight  pipe  requlreasnts  of  10 
pipe  disasters  upstreaa  and  9  pipe  dlaaetsrs  doenstreaB.  This  is  a  hare 
alnlaua.  A  good  general  rule  is  to  provide  as  auoh  profile  settllog  up- 
streaa  piping  hcfors  the  aster  as  systea  design  will  perait.  The  aanufacturers 
doamstreea  reooaaendation  of  9  disasters  is  adequate  unless  sons  severe 
otetruotioo  is  plsced  at  this  point  in  the  systea. 

In  aoet  oases,  a  turbine  aster  will  operate  satisfactorily  in  all 
positions.  Sleeve  bearing  seters  are  aore  vulne..'able  to  orientation  effects 
than  beJl  bearing  xype  asters  *  Such  effects  are  non>unif  ora  and  are  generally 
confined  to  the  lover  one  third  of  the  meter  range. 

Orientation  can  be  a  factor  in  two  vays;  where  the  meter  itself  is  in 
a  vertical  line  with  upward  flow  as  opposed  to  a  horisontal  position,  and 
vbere  the  plcki^  coil  is  in  an  angular  position  during  horlaontal  operation. 

Tests  run  by  Shafer  (6)  show  the  effect  of  vertical  versus  horisontal 
operation  to  be  small  (0.2;0  at  maximtai  flow  and  increasing  gradually  to 
at  one  tenth  of  rated  flow.  These  tests  were  run  with  a  KX)  gpm  caimolty 
meter  with  a  fluid  whose  viscosity  was  1.2  oentistolces . 

sitHiaT’  tests  show  that  for  a  180  degree  rotation  of  the  pioloip  coil 
frcai  its  noraal  position  during  horiaontal  operation,  the  difference  between 
an  or  down  position  of  the  plciCQ)  coil  can  affect  ths  K  factor  by  one 
percent  or  more  in  the  lover  one  third  of  the  aeter  range.  Deviations  of 
this  sisa  are  rare  but  differences  in  K  factor  of  0.2  percent  are  not. 
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Accurate  prediction  of  the  magnJ-tudee  of  these  effects  la  difficult  due 
to  the  physical  differences  between  meters  of  veurylng  manufacture,  slee  and 
design.  A  good  general  rule  Is  to  calibrate  the  particular  meter  In  the 
same  position  or  orientation  In  which  it  is  to  be  used. 

DYHAlfIC  RESPOMSB 

For  many  years,  the  turbine  type  flowmeter  was  used  alaoet  entirely  for 
steady  state  flow  measurement  In  rochet  and  Jet  engine  applications. 

Recently,  there  has  been  a  growing  Interest  In  the  measurement  of  Instantaneous 
values  of  oeclUating  flow  rates.  Th5a  new  Interest  causes  the  transient 
response  of  the  turbine  type  flowmeter  to  be  considered  significant. 

The  transient  response  of  this  type  of  instrument  is  best  described  by 
the  time  constant  of  the  rotor  when  subjected  to  a  step  change  in  fluid 
velocity.  In  other  words.  If  an  instantaneous  Increase  in  flow  rate  occurs, 
the  rotor  will  accelerate  frao  a  speed  corresponding  to  the  original  flow 
rate  to  a  speed  corresponding  to  the  new  flow  rate.  Ihs  tims  re(iuired  to 
accelerate  the  rotor  to  its  new  speed  (or  seme  percentage  of  ite  new  speed) 
is  a  measure  of  the  time  constant.  It  is  custenery  to  coogpute  the  tims 
required  to  reach  a  fraction  (1-l/e)  of  the  imposed  velocity  Increment, 
where  e  is  the  base  of  natural  logarithms.  This  required  tiam  is  called 
the  time  constant. 

Chrey  (13)  performed  a  theoretical  analysis  on  tbs  transient  response 
of  turbine  flowmeters  in  which  he  predicts  tine  constants  of  one  to  ten 
miUleeoonds  in  response  to  a  step  function.  The  variation  in  response  was 
found  to  be  a  function  of  blade  angle,  meter  size  and  flow  rate.  It  was 
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also  detexvliied  that  tbs  alas  of  th«  aastoMd  stop  irioroMnt  of  v^loollor 
had  ao  affect  on  the  tias  constant  (l.a.  on  the  tlas  required  to  reach  a 
find  percentage  of  the  correspoDdlng  rotor  speed  Inoreaent) .  This  is  In 
accord  with  expectations  for  a  aster  with  linear  responee  to  flow  rate. 
Siailar  experiJMnts  conducted  at  the  National  Bureau  of  Standards  oorrohorate 
Qre7'a  predicted  response  tiass  hut  found  pressure  wave  travel  tlae  and 
liq[old  inertia  to  be  an  ljm>artant  part  of  the  overall  STStea  response 
phenoaenon.  In  aanufacturer 'a  literature,  response  tiaes  of  2-5  ailll- 
seconds  to  as  hl^  as  20-50  Billiseconds  are  given.  This  wide  variation 
aahes  it  laperatlve  that,  in  areas  where  quick  response  is  sigxjlf  leant, 
this  value  be  Investigated  and  evaluated  for  adequacy  prior  to  purchase  of 
a  given  aster. 

Ih  aany  transient  appUcatlons,  pressure  wave  travel  tlae  and  liquid 
inertia  asy  be  acre  significant  Influenoes  than  the  response  of  the  turbine 
aeter. 

ASSOCIATED  INSTRDUENEATION 

The  turbine  flowaeter,  with  an  electrical  pulse  output  which  la  rou^dy 
a  linear  function  of  flow  rate,  lends  Itself  to  aany  and  varied  applications. 
Several  of  these  applications  in  the  area  of  shipboard  systeas  autoaatlon 
include:  autcoatlc  data  logging,  autoaatle  developasnt  of  tank  contents 
infonatlon,  autoBatlo  control  of  fuel-tank  selection  and  autoaatic  de¬ 
ballasting  control  (14).  The  effective  use  of  the  turbine  aster  in  these 
areas  required  sophlstioated  and  often  ezpenelve  associated  instruasntation. 
This  equipasnt  generally  falls  into  two  oategorlas,  digital  and  analog 
readouts.  These  readout  systeas  sense  az:d  convert  the  frecusney,.  rather 
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than  voltage  nagnltude^  of  the  signal  produced,  to  unita  of  floe. 

The  digital  systcB,  using  a  conventional  electronic  counter  to  indicate 
either  pulses  per  unit  tine  or  total  pulses  received  frcB  the  aeter,  pro¬ 
vides  the  highest  readout  precision.  These  instmaents  will  totalise  the 
pulses  generated  hy  a  floeateter  over  a  preselected  tlaa  interval  to  an 
accuracy  of  plus  or  B'<rs:s  one  pulse.  Direct  digital  readout  of  flo*  rate 
or  total  floe  can  be  obtained  with  electronic  counters  having  selsetabls 
tine  bases.  Where  indication  in  gravlaetrio  unita  ia  desired,  instruaente 
containing  provisions  for  aanusl  adjustaent  of  fluid  density  aust  be  used. 

In  a  typical  industrial  application,  the  floaaeter  can  be  used  in  serlee 
with  a  densitcncter  w:'.th  both  signals  fed  into  a  ooagmter  vhoea  output 
drives  a  aass  flow  rate  indicator  or  recorder. 

In  the  analog  eystea,  the  aeter  output  is  fed  into  a  converter  which 
generates  a  DC  voltage  directly  proportional  to  aster  frequency.  A  null- 
balance  type  instnansnt,  such  as  a  potenticws ti’ic  indicator,  would  typically 
be  used  to  indicate  or  record  the  Ditgnitude  of  the  generated  voltage  in 
terms  of  flow  rate  units  of  pounds  per  hour  or  gallons  per  ainute.  The 
overall  accuracy  of  a  good  quality  converter-lndloator  cc^inatlon  is  ustially 
in  the  area  of  I/4  to  l/2  percent  of  full  scale.  Because  of  the  slow  res¬ 
ponse  and  internal  danplng  of  null-balance  indicators  they  are  not  appro¬ 
priate  for  use  in  fast  transient  epplicatlons .  The  frequency  converter 
alone  should  be  designed  to  have  a  tine  constant  equivalent  to  that  of  the 
flcwaster.  This  will  provide  satisfactory  flcwmster-frequenoy  converter 
transient  perfarmance  for  many  computer  and  recording  applies tlone . 
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Ze.  desijpilQg  e  eyeten  using  either  digital  or  analog  electroolc 
•qulpmnt,  oare  should  be  taken  to  seleot  a  readout  sensitive  enough  to 
sense  eaoh  and  every  pulse  generated  by  the  floerMter  in  its  oiperatlng 
range.  Also,  spurious  eleotrloal  pulses  sesst  not  be  peraltted  to  bias  the 
readout  Indloatlon.  The  oholoe  of  readout  InstrvBsntation  depends  upon 
the  partioular  application  and  readout  aoouraoy  required.  The  readout 
instnuaentation  selected  should  be  eo^wtibls  with  the  frequency  and 
voltage  ranges  of  the  turbine  flovasters  to  be  used.  These  values  vary 
vldaly  aaong  the  aanufacturers  and  aodels  available. 

CALZBRAIION 

Calibration  of  any  flow  neasureaent  device  requires  adherence  to  the 
accepted  general  prlnolples  of  flosaeter  calibration  practice  recosBendsd 
by  such  authorities  as  ASUE  (10)  and  API  (19).  Precise  calibration  of 
turbine  floaBsters  requires  a  knosledge  and  control  of  the  previously 
discussed  factors  ehich  say  Icflueoce  Boter  perforinaoe. 

Tbe  besio  problav  in  sny  oallbretion  systea  is  to  insurs  aoourete, 
praclsa  and  repeatable  calibrations  while  keeplxig  cost  within  externally 
liig)oaed  Halts.  In  a  given  calibration  eystaa,  tbe  aoet  aoourate  calibra¬ 
tion  is  obtained  by  taatlng  the  aster  at  conditions  as  near  aa  posaible  to 
those  aneountered  in  use. 

Calibration  aystaas  can  taka  aany  ferae.  Tba  aoet  frequently  used 
aathods  are  atatlo  weighing  systeae,  dyuasio  wel^  aystaas  and  the  coa- 
psrlaon  aatbod  utilising  a  transfer  reference  aster.  The  ststie>evei^ 
aetbod  of  flosaeter  eallbtwition  is  oonsidexed  to  be  oapeble  of  greater 
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•ooureoy  thui  dynulo  Mtboda  baeauM  tb*  lAtt«r  Introduoaa  •ddltlODAl 
dynuiio  arrora  (16) .  Both  of  thaaa  aathoda  ara  aiQarior  to  tha  ooapariaao 
antho. .  It  Boat  ba  aald,  hoaavar,  that  dsmaalo  oallbratlon  aathoda  ara 
advantageous  to  uaa  alnoa  the  tiw  raquizad  to  perfoxB  a  oallbratlon  is 
usually  only  a  fraotlon  of  that  ragulrad  using  tha  atatio  aathod. 

It  la  tha  aaparlanoa  of  HAVSBCPKIIADIV,  i^oh  uses  tha  atatio  aal^t 
aathod  of  oallbratlon  ahoan  In  figure  that  the  largest  aouroas  of  oall- 
bratlon  error  are  tha  result  of  taaparature,  eelght  and  speolflo  gravity 
dataxiBlcatlon.  These  factors  are  dlaoussed  separately. 


Such  Ixtfluenoes  as  density,  vlsooalty,  and  to  a  lesser  extant,  flow 
oonOltion  are  sobs  function  of  taigwrature.  This  relatlonahip  aalcas  It 
i^Bratlve  that  tapperatura  be  Bsasurad  with  oallbratad  instruaents  to  an 
aoouraoy  of  1  f  or  batter.  A  one  degree  error  In  taaperature  BsasursBant 
oorrssponds  to  an  uncertainty  of  about  O.OBjl  in  the  voIbsi  weight  ratio 
of  a  hydrocarbon  fuel.  Probable  fluid  taoparatura  variatioos  within  a 
systea  Bake  It  li^ortant  to  looate  tha  sensor  as  olose  to  tha  test  B»ter 
as  possible.  To  avoid  the  effects  of  temperature  stratlfloatlon  in  a  pipe- 
Una,  the  sensor  should  also  sample  a  large  percentage  of  tha  flow  streaB. 

Wight 

The  least  count  of  the  weigh  soale  used  dateralnes  the  quantity  idkich 
Bost  be  weighed  to  acquire  aooeptabla  wel^t  resolution.  For  scales  with 
a  1/4  pound  least  count,  a  noxBal  oallbratlon  run  of  100  gallona,  weighing 
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•  ncalnal  800  pounds,  would  produce  •  wei|^t  unoar telnty  of  about  O.O^Jt. 
Soalas  should  be  calibrated  periodically  In  order  to  aalntaln  the  desired 
level  of  calibration  accuracy.  Records  of  these  calibretioDB  should  be 
kept  to  pemit  detection  of  deleterious  trends  in  scale  calibration. 

gluid  P.ravif.v 

It  la  our  experience  that  the  largest  single  source  of  error  In  oil 
calibrations  is  the  specific  gravity  detexnination,  usually  expressed  in 
degrees  API.  Inscourate  gravity  detezvinatlon  will  affect  ell  eubsequsnt 
ceXculatlone  which  nake  use  of  this  value,  e.g.,  gallons  per  pound  or  its 
reciprocal.  ASTM  D287-55,  GRAVITY  OF  PglROUai  PHODDCTS,  notae  that  the 
degree  of  repeatability  of  the  API  stessur^snt  by  hydronater  (which  Is  the 
nethod  Eost  often  used)  la  about  aO.2  API.  An  error  of  0.2  will  produce  an 
error  of  approximately  0.14^  in  the  conversion  from  weight  to  voluaie. 

These  factors  ere  the  sioet  elgnifloant  in  a  static  graviastrio  cali¬ 
bration.  Such  effects  as  air  buoyancy  and  fluid  pressure  are  present  but 
ere  relatively  insignificant. 

There  ere  e  number  of  costly  dynamic  wel^:dng  oallbratore  available 
ooBBerolally  today.  These  systems  ere  used  where  the  time  consuming 
aspect  of  static  systams  Is  undesirable.  Usually  dy^mmio  calibrators 
datexmlite  the  time  interval  required  to  collect  e  preselected  weight  of 
liquid,  the  weighing  being  perfomed  while  the  liquid  is  entering  the  BcelSj 
tank  or  other  weight-determining  collector.  oa  the  typical  dynamlo 
weighing  calibrator  shown  in  Figure  it  can  be  seen  that  three  Important 
dynamlo  phenomena  take  place  during  tbs  weigh  cycle.  They  ere:  tbs  ohangm 
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in  i^p•ct  rorce  between  initial  and  final  weigh  points;  tbs  ooUection  of 
on  extra  amount  of  fluid  from  the  falling  oclunn  by  the  rising  level  in 
tbs  tank;  and  the  change  in  inertia  of  the  scale  and  weigh  tank  with  a 
resultant  change  in  time  required  to  accelerate  the  wei^  beam  past  the 
timer  trip  point  (17) .  The  effect  of  these  factors  though  not  discussed 
hare  in  quantitative  terns,  is  to  make  the  dynamic  calibrator  a  sophisticated 
end  costly  device  which  can  only  be  used  econonlcally  where  a  large  volume 
of  calibrations  are  performed. 

In  using  either  calibration  system,  care  mist  be  taken  to  provl v  ade¬ 
quate  control  of  the  flow  pattern.  While  each  meter  contains  integral 
straightening  vanes,  the  calibration  system  should  include  flow  normallsers 
from  the  types  discussed  earlier.  The  system  should  also  refrain  from  using 
such  disturbanaa  produoem  os  wolves  or  elbows  near  the  tost  mster.  A 
useful  guide  to  distances  to  be  used  under  various  conditions  la  provided 
by  AaC  (12) . 

A  turbine  meter  oolltxration  system,  whether  static  or  dynamic  in 
principle,  must  use  certified  standards  of  mass,  tine,  temperature  and 
density  to  produce  precise  callhra^' ions .  Piping  should  be  deslgr^d  so  that 
disturbances  peculiar  only  to  the  calibrator  are  not  induced. 


CC»!CL»SI0NS 

Performance  characteristics  of  the  turbine  flowmeter  were  found  to  be 
very  well  documented.  Tne  qualitative  effects  of  various  oombinetlons  of 
environmental  conditions  are  well  known.  Precise  quantitative  determlnatloa 
of  these  effects  on  meter  performance  is  difficult  since  t>iey  ore  a  funotion 
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of  aster  dssl^,  sloe,  asnufaoturer,  age,  upstrsam  piping  oonfiguratlon  azid 
aan^  ot^  factors. 

Future  laiproveaents  In  the  turbir^  aeter  field  eeea  aoet  proalelng  in 
the  areas  of  aaterlals  teconolog^,  bearing  design  and  In  the  reduction  In 
cost  cf  ocapact  end  durable  peripheral  electronic  equipnent.  Ingiroved 
aaterlals  axid  bear:'ags  would  expand  the  already  wide  range  of  ooiBBerolal 
applications  but  would  not  be  of  laaediate  va'  V'  the  Fleet.  Zt  Is  felt 
that  a  less  costly  aeter-readout  pacltage,  without  coaprcnislng  perfozaance, 
could  Babe  the  turbine  seter  a  desirable  alternative  In  neetlng  the  future 
needs  of  the  Fleet.  This  is  particularly  true  In  the  area  of  aami  or  fully 
autoaated  ships  of  the  future  where  aeter  outpv^ts  would  be  used  as  control 
Ingpute. 

Horetofore,  tbe  turbine  aater  has  not  been  used  widely  on  shipboard  for 
reasons  Including  Its  inherent  weaknesses  azid  the  I'equlreaents  of  existing 
shipbuilding  specifications.  The  principal  factor  prohibiting  Ihelr  \uie  is 
the  access  flange  requireaent  which  says  tiiat  the  aster  interior  parts  lasat 
be  capable  of  removal  without  removing  tbe  meter  frca  tbe  pipeline.  Develop¬ 
ment  of  a  turbine  meter  with  this  capability  would  permit  its  widespread  use 
in  s\ioh  areas  as  fuellng-et-«ea  and  condensate  flow  measureaent. 

DbYelopaent  by  the  induetry  of  devices  which  would  serve  to  staudardlzs 
if  tx>t  DonDBllze  the  condition  of  the  f  Icnr  streui  would  be  desirable ,  An 
example  in  this  area  is  a  turbulence  producing  device,  highly  repeatable  in 
effect,  which  In  perfomdng  its  function  would  not  Introduce  greater  probleas 
than  it  would  jolve.  This  device  could  be  either  an  Integral  part  of  the 
aeter  or  a  separate  unit  to  be  Installed  at  sone  point  vpstreaa  of  tbe  ms  ter. 
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The  infonoation  obtained  in  this  survey  provided  the  inriutii  oeceasary 
for  preparation  of  a  proposed  detail  military  speciXication  on  tiie  turbine 
meter  and  could,  if  called  upon,  be  the  base  foo"  preparation  of  application 
guidelines  and  standard  practices  for  thcir  vise , 

Por  the  aforementioned  reasons,  trs  ,ori ^.inr.lly  plemved  broad  based 
test  program  is  considered  unnecessary  and  will  vi^t  be  conducted.  However, 
future  advances  in  the  field  will  be  closely  nonitored  and  test  programs 
Initiated  as  deemed  necessary. 

R£CC1U1E31I)aTI0NS 

So  that  Fleet  flow  measurement  practices  may  keep  pace  with  future  needs 
and  developments  in  such  areas  as  shipboard  autcanation  and  fuellng-«t-«ea, 
actively  encourage  application  of  the  turbine  meter  where  it  is  caii?)t.tible 
with  existing  requirements. 

Toward  this  end,  solicit  the  cooperation  of  turbine  mater  Fianuf ac  vurers 
in  developing  and  subsequently  producing  a  turbine  meter  idilch  can  satisfy 
the  access  flange  requirement  of  shipbuilding  specifications.  At  the  suae 
time,  re-evaluate  existing  shipbuilding  specifications  for  possible  areas 
of  revision.  If  development  of  the  redesigned  turbine  meter  is  not  accom¬ 
plished  or  specification  revisions  are  found  to  be  impoesible,  investigate 
other  meter  types  with  a  pulse  output  idilch  can  meet  the  access  flange 
requirement  and  mo^  also  be  capable  of  driving  direct  totcQizlng  devices. 

Prepare  standard  practices  and  application  guidelines  for  the  turbine 
meter  ai^  other  meter  type  deemed  appropriate  for  slmJ.lar  uses . 

Encotu'age  development  of  a  flow  condition  standardizing  mechanism 
which  might  circumvent  approach  effects  on  most  %‘olocity  sensing  meters. 
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>  A  Burvey  of  the  literatxire  was  conducted  in  order  to  evaluate  the  ability 
of  -the  turbine  meter  to  meet  the  flow  measurement  needs  of  the  Fleet.  Para¬ 
meters  effecting  meter  performance  were  investigated  as  well  as  pertinent 
related  topics.  The  turbine  meter  is  burdened  with  the  Inherent  weaknesses 
peculiar  to  most  velocity  sensing  meters.  It  was  found  suitable  for  futxire 
use  in  shipboard  automation  and  f\ieling-et-sea  applications  under  the 
following  provisos:  a  turbine  meter  satisfying  current  shipbuilding  specifica¬ 
tion  access  flange  requirements  should  be  developed,  or  the  specifications 
fflaldng  this  demand  revised.  If  one  of  these  cannot  be  acconplished,  investigate 
other  pulse  output  meter  types  which  will  meet  the  access  flange  requirement 
and  may  also  drive  direct  totalizing  dev.ise3.  Application  guidelines  and 
standard  practices  should  be  prepared  for  the  meter  type(s)  ultimately  selected 
for  control-input  and  fueling-* t-eea  use. 


.1473  ‘ 


PAGE  1) 


S/rt.0l0l-807-«»n 


^SSlFffP _ 

•cutity  ClttiHlcatlon 

_  A-S140«  ^ 

-  _  ^ 7- 


FloMneters 


Turbine ' 

Floe  lieaiflurenent 
Transducers 


.«73  <BACK) 


